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Valoes of sy and by were obtained from gas ghmma{uzﬂmhm retsntion dats for 32 POB congeners, Thess
stopes varied regok with honssdog 1:;14“.!*& of tongl chlorinest and abo with the mumber of ortho-
shiorines. From this informat niy and by vatues were estimated for 148 other PCBs whose eapor
pressuras had begn reported a1 fixed iamgxr ure. Yapor pressure data wore spplied o predicting 131:
adsorption of PUOUBx to aerosols at 1 and using the Junge- Pankew squation. Fartiulate prrosntag
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gfexi that the more highly 1090 nwree and zwn»qznha OB are
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9923 Areslesiz ol o
fmm et m}zbm&m g
7t 2&&, STR391,

5 ML, Cass 6. R, Sei
¢ S0¥. {1993 Mo
ased o the S8CALQ

m,d m 4 greater x}eame msh AL
presipitation and dry deposition,

¢ publication AW Key word tudex: Sesmvolatile organic compounds, organnohlorine compounds, vaper presaars, cuplanay
Institute of Teohne PUBs, particle/gas disdribution.
LOINTROGUOTION sare hoemolog {(Bidleman, 19841 Thus they may he

preferentially  adsorbed 1o atmospheric  particles,
yohiorinated biphenyis (PCBs) are ubiquitous oo+ thereby increasing their chances for deposition.
oomental contaminants present as complex mix- To predict the dagree of assoctation of POBs with
of the 208 possible congeners (Schulz er of, 19893 particles, 1t is nevessary to know the saturazion Hepuied-
i all the congeners. 2 few have snusually Bigh  phase vapor prossure (pf, Pai of cuch congener as a
mmalian tosicity. PUBs having none or one chlor- function of temperatare, Yapor pressures have beon
inthe 2 or & position of the phenylring and one or  determined for a large number of PCR congeners, at
ﬂm‘ﬂ meta- andd para-chlorines on sach ring can adopt enly ae a single temperature (Foreman and Bidleman,
anfigaration m which both rings e approsimately X cher et al, 1992, Murphy o b, 19870 In this
i the same plane. In this configuration, they am wur%r paramters for 4,(1 feulnting the temperaturs de-
erically similar to the polychlorinated dibenzo-p-  pendence of pi for 37 POB congeners were derived
ioxins {(PCD D) and dibepzofrans (PCO¥Fg and are from previowsty oblained gas chromatographio datg
e msducers of bver microsomal ary! bydrocarbon  (Bidleman, 1984; Hinckley oo af, 1990 This informa-
rdrosylase (AHH) (Huckins et ol, 1988 Safe, 19900 tion was used 10 eatimate the temperature dependence
angbe ef al, 19871 These so-called “coplanar” PCB of an additional 148 PCHs as functions of homal fog
geners are usually found o much bigher concene  and number of ortho-chlorines, Yapor pressure dala
tions than ?{"ﬁi};f?{‘{}%’& and their presence in were then used to predict aerosol-bound fractions of
¢ environment has recently become a texicological PO congeners.
PUBs exist in air as vapors and associated with
sipended particles. Adsorption to agrosols depends 3 VAPOHER PRESSLRE DETERMINATIONG
4 the vapor pressure of the compound, the ameoant
type of particula matter present, and the am- dMeasuremen of vapor pressure by a conventional
nt temperature {(Cotham and Bidleman, 19920 method such as gas sateration is extromely tediows,
ankow, 19RTL Momo- and acweortho-PUBs have  and has been done for only a few of the 309 POB
WET VARG rpxewurm than other congeners withinthe  congeners. For this reason a capdllary G method was
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developed 1o determine vapor pressures of POBs
ancd other non-polar compounds (Bidleman, 1984
Hinckley e ¢, 1990} The method s based on the
simple concept that partitioning of a solute between
the gas and stationary phases s controlied mainly by
vapor pressure. §n practice, 4 series of sothermal runs
is made at colwmn temperatures ranging from about
T to 10 C and the relative retention time {RRTY of
the test compound o a standard is measurad at each
temperature. The test compound vapor pressare s
determined from changes in the RRT with temper-
ature and the known vapor pressure of the standard,
Suitable standards are ootadecane, eicosane, and p, p'~
DT,

Initial estimates of vapor pressure by G0 were
correlated 1o pf for 19 to 24 compounds {Bidleman,
1984; Hinckley ef al, 19901 These were substances for
which vapor prassures have been determined by gas
saturation or other techniques, and included 5-7 PCB
congeners as well a5 organochinring pestcides and
polycyclic aromatic hydrecarbons, The resulting

2. L Farcomerand T F. BiDiEMan

{Bidieman, 1984} These ranged from monochiof
heptachliorobiphenyls, and moluded PCBs haviag d
ferent numbers of ortho-substituted chiorines. i
noted that, within cach homolog, p} values were low
for thase congeners having fewer ortho-chlorings.

The capiflary GC method abo dewsrmines /0
the ratio of the heats of vaporization of test (1} &
standard {2) substancex. Knowing ¢, sllows @y 2
thus the temperature dependence of test compoy
vapor pressures, 1o be calenlated. This was done §
four PCBs and several pesticides by Hinckley o
{1990}, ssing eioosane and p, p~ DT as standards |
= 93.4 and 8.9 kImal Y, respectively: Hinckloy e
190 MaoKmck and Pransniiz, 19791

As a necessary step in caleulating capillary G
determined vapor pressures, values of ¢,/0, w
obtamed for 30 PCBs using octadecane {0, =8
kimol ™Y or elcosane (0, =934 kI mol ™ ') standan
{Bidleman, 19841 but most of these were not repoth
in the 1984 paper. Inthis work @, was caleulated fro
the 1984 0,70, data, and slopes {my = —,/2.303

amination of the equatio
sveals that the absolutey
omoleg. Morsover, withi

ih fewer ortho-sabstitule
nd greater stopes. When!
Fig. 1), regression of sy
artho-chiorine groups yigld
re functions of both hor
aumbger. These are the fite
Foreman and Bidlemas
pressures at a single tempe
congeners by correfating
st J00°C (OV-101 colunr
Ridleman (1984, Fischer ¢
vapor pressures for 133 PC
by a similar method. I
tmethyl-50% n-outyipolys
amd referonce vapor press
PCB congeners werg takes

correlations alipwed pf fo be caleulated from GO data and intercepts (b, } were generated for the equation i
for compounds with unknown vapor pressures. In the . . 3 a580
case of PCBs, the method was applied 10 the de- fog pieon (T4 by
termination of py for 30 congeners at 2570 only  These parameters for 32 PCBs are listed in Table {
SO0 B
Table 1. Parameters of eguation {1} for calonlation of vapor pressare {(Pa) for
PCBs, detesraned by capifiary GO ;} k
Comn- i
gonr € Totud chlornes Cirtho~chlorines ay by % 4500
@
i i i
2 i &
3 i &
7 2 H 00D
8 2 i
{1 2 &
15 2 &
28 3 H
kg 3 2 -~ 38RA 8500 >
31 3 i ~ 4158
40 4 2 - 427E
53 4 2 - 423 N
53 4 3 —4114 Fig. 1. 8k
66 4 i - 3340
G 4 H ~ 3431
77 4 & ~ 4553
“7 5 z - 4362
84 3 2 - 43313 e
41 5 2 —~d514 12.67
113 5 H - 4788 1294
118 3 H - 4664 12.72 Homols
128 & 2 — 48R} 12.514
138 & 2 ~ 4B 12.84 !
149 ] 3 - GRS 12.7% z
153 B 2 4775 12.85 3
154 6 1 - 4949 §2.94 4
17 7 2 {347 %
it 7 3 13.07 8
1803 7 2 13.03 7
157 7 3 1196 8
W2 B 4 1284 4
209 10 4 1 i
*IUPAC designation. * Frop
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4 from monochio
tuded POBs haviy
ituted chiorings,
Og, #y values wers
wer ariho-chloring
also determines @
wization of wet (§
ving (2, allows @,
e of o5t comp
ted. This was don
ides by Hincldey
-EM3T as standard
otively; Hinokley o
19793,
:ulating capilffary
valugs of £4,70Q,
octadecane (=8
Ak ol 7Y stand
hese were not repoy
(. was calonlated In
08 (a0 = — 3,72
ted for the equatiog

jnstion of the equation (1) stopes for these PCBs Mackay (19881 Sonw of these vapor pressures may
Ie thai the abaolute values of my incrense with  have been from Bidleman (1984) since these were
wiog, Morsover, within a homolog, congeners Heted in the review. Corparison of the Forenan and
b fewer artho-subatitoted chlorines bave lower pf Bidleman (&) and Fischer e ol (B vapor pressures
greatzr slopes, When these groupings are made  showed very close sgreement (78 = 0.9931, sxpressed by
1 regression of my values vx homolog within

rochiorine groups vield slopes of eguation {1} thas log g} £AY=09%2ng pf (B}~ 00434, £
fwections of both homoleg and ortho-chinrioe

er. These are the fitted my values m Tably 2 Stight differences between the two dalg sels were
oreman and Bidleman (1983 estimoated vapor  accountsd for by adiusting (B} values {0 {A) with
sures at o single temperatiee {2537 Chor 141 PCB eguation (2) for congeners net in the original {A) seb
geners by correlating published rotention indices Temperature coefficients for this larger st of PCB
O O {Y-101 columnd to p) of the 30 PCBs in congeners (Table 3} were then estimated as follows:
dhunan (19841 Flacher o of (1997 also estimamted  Btied sy values were taken from Table 2 according 1o
spor pressures for 133 PUBs from GC retention data homolog and ortho-chlorine number, and & values
¢ oo smilar method, In thetr sindy, & SBeovist S0 were calculated from pf at 25°C using equation {11
ethyl- 3% meootyipolyslonane) column was used  For the 32 congeners whose (3, values were divestly
W reference vapor prossure data for 30 individusl  measured by capifary GO,y snd By from Table 1 are
B congeners were taken from a review by Shiu and  repeated m Table 3

e, 300 - B,

sre Hated fn Table
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fromn Table 1
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Table 3. Paramsters of equation (13 for calonkation of vapor pressore {(Pa) for PUBs
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& i £3 o
3 1 i “
4 2 2 8
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¥ x B
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Table 3. jcontinued)

Congengr Total chlonnes Ortho-chlorines nty by

EN N
[

3

N 4
5 >
3 3
X 3
5
S
3 3
2 2
33 3 K
92 3 2
93 3
25 s 2
g7 5 3
9% 5
29 hY 2
R4 3 M
32 4 3
103 b 3
HN 3 H
HOs & H
07 5 i )
S & i W
LG & 2
f12% M 3 53
i3 3 2 23
Pig S H &2
P15 S 2 &
s 5 3 3
PiTe S 2 36
R 3 { 32
fiye 5 2 B
120 e i 307
{21 3 z 283
22 & { 272
3 bt i 1284
4% 5 t TLEY
3% ) 2 i3
& S { 1351
7 5 £ 1331
kL & 1251

ol
® ¥
N

2

@

3
e
2
yl
N
2
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o
e
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3
3
3
3
3
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Table 3.
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{continuad)

{longengt Total chioriaes Orthaechiorines 591y e
& 23 AR
& t §3.2G
& 2 P2.99
I8 i HREHY
7 2 {317
? §3407
7 2 §3.3%
i 3 129
? 3 i3
7 4 12
1 3 i
7 3 H
¥ 4 |
7 B i
7 i
k 12
7 2 13
% 1 i1
7 4 !

7 3 ;
¥ 4 !
7 { 1
3 s H
7 2 :
¥ 3 §
4 3 i
¥ B £
® 3 13
3 3 3
¢ 4 2.
8 4 §2
% i
& 3 13
b 4 {2
2 {3
9 3 13,
4 % |
2 4 {&
190 4 13

The accuracy of these resulic can be :
tive to bmudependerd sets of vapor prossures from
Murphy or of 11987 and Dunnivant 22 ol (1997 The
Torower wers obtained by determining the equilibrium
compostion of the headspace atr over water saturated
with Aroclor fluids ar 2670, and viglded oot only
vapor pressures but o oatsy s anud
Henry's law constants. Thetr calcalation of pf was
based on the assumption that Aroclor Hoids behave
ideally {follow Raoolts lnw) Dunndvant o1 of (B
used  quantitative s uctire property  relations
{QSPR) models to calonlate solid-phase water wi‘;M
tues {833 and Henry's law constants of POBs ar 237,
Assuming that differences between solid- and Houid-
phase heat capaciiss were negligible, we \‘.nzmartcd
values of 30 1o sub-cooled Hpud solu
mot 7 using the relationship

WHISY %

xla

alues.
Covaluss,

iL‘.‘ (

1‘ ere AS, i the o ) T is the melting

emperature and T 15 the thient  temperature
stvm Esperimental AS, were used when avatlable
iMitler o al. 1984 otherwise A8, =363 § deg™?
mol T was assumed (Hiackley g6 af, 1990) The res
uhting 57 values were m sit;*‘ﬁmi by the Henry's law
constams (Pa wh wol o ,xvld o

Yalues of pf based on GO mzasuremenis {from
Table 3 at 200 or 2570 eere rnmmrcd to those
determmed by headepace analysis 2070, Murphy
20 gl 1987 and QEPR models 257, Dunnivant
et al. 19921 The seven congeners used o calibrate the
(‘sri-'finai 0 method (Bidleman, 1984 Himckhy
et af., 199N were prutied from this comparson. The

mean vapor pressure ratio (GC Murphy) for 3% cone

cners was 133 4 Q8
durphy) vs log 17 (GG
tis (GO Donnivant)
£3.65. Regression of
£ yielded 72 =058
Spor pressures depend
sure stamdards w
PEAIUTS VAPOY Dress
own within a factor
ther data sets for P
herent In asspming
pdel caloulations (€
d POUB vapor presst
he gverage. which is
i compounds. To
4ta set, somg of Murp
ere adjusted to the
BERSSIOT quations
Figure Z2oomparssa
Aurphy) methods wi
ne groups. In both &
pgeners having grog
This result is buporta
stho~-effest” is not sl
peasure techinigue.
. The accuracy of vag
. values i equation
3y the heat of vapor
sed i the GO metho
DT (Hinckley et 4l
values were determin

e

s

Fig. 2. Comparison
by gas chrasaiogns
Murphy of gl :

somdl ones ok
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1. The mean
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¥ an antifact of the GO vapor

Dor pressure tomperature slopes
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cted particle/yes distributons 353
organochlonne  pesticides and  soven  polvowdlic

aromativ hydrocarbons. Ax percentages of Herature

vibues, (40 resulls ranged from ~ 1610 + 18%. with a
mean of + 3%, The oy valuesin ?a%lwi and 3 should
have a siilar degree of reliability

S PBEDHITION OF THE AEBOSOL-BOUND FRAUTION ¥
FUBS

Estimaung the fracion of 2 semivolatile organic
compound sdsovbed to particles (B can be done using
the Jonge-Pankow maode] {Pankow, (987

G s o tfv

HERRET {4}

where € 13 the particle surface aren available for
asdsorption fom® om 7 ain) and £ =172 Pa-om Valoes
of & have besn suggenied (Bidleman, wxa; based on
Whithy's (1978} size disiribution 01 azcurmalation
mode asrosobls urban air= 1.1 x ifi
ental backgrowmd air= 15w 1)
hackground sir=4.2 x 1"
Particulate percentages a3 \gﬁc,unvd Lrnperatures
were obunned by first wsing H‘ and b, values from
Table 3 o caleulate g, then using the Junge-Pankow
spuaticn. Figure 3 ah(wﬂ the r»\as s of this maoded for
3t ; % Bidleman. 198%) at 10 and
mi;) x and ortho-chlorine substi-
tution. At hoth ump tures, POBs which s ks
srtho-subsditubed are preferentially sorbed to par
tsles, The degrer of adsorption within a homolog

c{ﬂ&frhi“'i? ’«"01}3 -
clean continental

$ X 100

i

HOMDLOG
3 Percest particulale POUBs (9« 1 o urben air gt
¥ by huosoloy (number} st ortho-chinring
SEREH
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f(i ows the order {nwmber of onho-chlormesy G 1
rage @ at WO for the aon-orthe
retvachiorobiphenyls and pentachlorebiphenyls are
A8 and 2. 3times those for the di-onho congoners,
Smuller but substantial difforenves can b secn bee
and dinrthowtrachlorobiphenyis actor
cnne wtd dionthopentachloroisphenyls
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4 UOXCLUSIONG

The gverage agreemord botween GO and other
methods for ) was better than a factor of two, which
s somivolatife organic compounds. We
thus conclude that Table 3 gives i set of consistent and
accurate 2 valnes ax fincions of lemperature and
orthe-chlorine substitution that cus 5
understanding the gas/particle partitioning of
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